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*i3iia iftve«iljg 3 Rtioa Is with the probl«a of 

oiDtainisf a lasaas for ^©icat?^ reittforciag 4oahlors for elroiA- 
Xar outoiits la tennioa panols. tozisXoa paaols Inoloydo srndwioh 
tutorial on uri^iob th« ^Ujubisrs sKty h® riveted or Isonde^. 
?he ennlyeis w,a limited to a pt-sne ehoct of infinite 
width, /‘II tests -^re perfosraod oa r*i©taXits with .X2 Is, 
faces and .5 In. balsr cores. 

fr<as preirloasly detewtiaed f smauX^g, e ohrrt •-• •’ 
developed wliieh exparessos the aaxims stress concha trr^t Ion 
p oatoat aa s function of tho ratios of dmifelor radius to cut- 
out rsdlus e»d of sliset thlc^,ess to douhlor thickaoee. ’.’he 
results of the teats <m laon-iaflslte verifiofd t!-ls 

eshart and also detaoastratcd tb^t hondlssg is siuperior to rivet- 
as ft issaiis of fttts4:dirjeat of doublers to r.ctPilte, 






Itis sssaejfT* fmrvinv, -ml 

■3QT9 *a «? gaar-. ly «»f J^.lft2,. 21a«t ®tip^tta*«5« »ro 

»fiA J5*?» s»6r» catoata t^r ^X«ns, iSoor-^, >d^ 

deas, ©i«. It i« mG&»9»ifTt tS»ar«f03«, ssata^Atss ^ 

jrel^gtfcrodd 1st mjomr t0 ^'ifmiikt smiesm 

iSU»Gtio*s Rt ® slalaae At the i'-»e#ant tise this is sfssm 

or l&m m *«sat tj^ x*^e*s. 

»feterlnl i?s ®s^ dcvelo. aaRta 

for aircraft. It eosstaiste tJ.la ^seets of isettl vSti s 

r»l!3!l.i^Iy tMeir,, oor® of law dagislfe^ ®«^,tori!.l 

bg«^«si tO0S-U}or. i»©li^forslsg say ho tntonril*' bonpOad 

or o3^sr»»lljr rl^te6.. 

'Sht® Iisr»«ti05tl<® %asst asodsrt^lTrm idth tL«sa^‘ts 
is first, to derlro ?*, iwtrae for ds%®f3-tw,tlr»’* of tbs 

.sra^or »1«* of doahl<^ to aoed for o jfiroa eat oat, 'istf: 
;®sooS, to ©dK^vTs t2':e Ismdoil doabloTo vitl- th®. rlroteci tCffXilm^n, 
m to tbeir effeotlT«»3S«s la t^^ ro>^^tios of stro?® oosobRi- 
tr^tion* 

^ wgso lialtsd to ttm cpssHtloa of tfcli'iHra 

tosislm *V3.‘il«d to fe pl«f«? o^ot of laflslte vl ’.th h^^rl«r • 
CjK5tr?dl? loootod elr<Kiirr autoat ^Itb caswwKstris ^krthlsr. 
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tftifts wre m ppticXe fabrics ted Is^ 

-h^ace You/^^t •^l^rislon ef -^nited /lrsr''j”t O'oafj-'. The p*r«X» 
iiird ,OSS in, fpeas of Alclnd »M e .5 la, core of 

?»9 lli/ftif dsaaily sad fTnia ImlsK?, Thor were '^?ith 

.edux. Internal doablers of .^32 In. end ,D64 la. nad aa ess- 
temal riveted Aoulsler of .064 in. «©rc. as»d, CatouLts varied 
froo V in, to 5 in, wr.ile tlie doublero were 0 In, la die-«tor, 

A xinifor© condition of fconslea vaa att^^tod Mt not t-ci.leved 
far the tests. 

mthor wifdasft to express hlo ej?: rectntlao to 
-rofoosor Jose;^ A, vise f©r his value1>l« s?dvlc« sosietaaoe 
on r 11 pitrees ©f t!ie Invsati^ticm, msd to hr, ':, i. ..ao‘-'On<sj^ 
and ; r. ■', C, Brodin^ of ChejK5ft Yoth'^it ^Iroa^ft division for 
their fes«i8t?iTK3« In helpias for:"aiI^to the probiras and. for for- 
ni^.ins t!s© hetnlite test pmels, 

this project ms e^.rriod out during the ?>««donlc 
10r'l-t06g; et the TJelveri^lty of '.laneseta under the auporrloion 
of Irofeseor Josot^ /, 'Isie, thesis advisor. 
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■Zv,v.OrnSAL X''JUZX,% 

It & plsce slie«t of ijiflaitio viSth hiva a 
Xacfttod bol» l9 ra^Jootod to s ualfora tsmslle lor. . It 
vlll 1» found aojdau»> st?©## oonoentr* tlon occo^c e'. tUe 

■bo.7<l«r of t!i« hole «n t»i^o of 90“ fr<m the direction of the 
©j -(lied tORslon, Tt 0 m St. f«a&nt*s priaeVle, It atm he cori- 
cludod that the etrces iocr«i»«e dlrslntehee rabidly fr<r. the 




F^l^raro 1 

Cosoidcrins 'flc* C^)t s^® In '-ef, (a), if b 
1© large ia co«paria<»j to a (five or ?aoro). It eta “bo r'n- 

sui;i®d that etr^soea at rrsdius b am esseatL-sllj' the anm ;•■> In 
r ^Xftte vlth no hole and are given r.ej 

(^Oy=b « i s -ks Ccs aes) 

* -^Ss«na© 

?hesft force® acting cm & rln^ of radii a md b have been a-ows 
to the etrea® dlstri ution 'witMn the ring e’lcprosaO’I by 



th» oqufitionfiS 



G-y = is (i- %!) -i cos ge 

o-e = iS 0* - iSC‘+ )«osee 

:?,« - -iSC- ^ - za.:)s,-nge 

It can fiKsad that r * s. &ad ^ that a-r= :Jte>~o 

aad that « 53 , 

It is this stress cimcantsatloB of 55 tiu*t mat ho 
rodacod a roliiforclac d«»bler. A« s^;o«ii la the 

eh<m? formlao f^^*ther do’^elopod for a pi -‘.to vith a doubler. 
'These for!miaa with tliOir constants ere coati'ined ia dlx a, 
haasitinatioa of the for^iolss In App, A shows the- to be 
quite lengthy and difficult to use, Further oxmainntion rcreals 
thjp.% dlMeneloalees eoefflclenta t«t ea|>loyed in the forc^as 
and their coE^Jlcacity atey be reduced, 

Beeaufl!© the point st thjB hole borc!er at ©=^ la 
the principle point la qtjeetlan, the forrjtla for b^, '’s "iron 
la Ap;-. A, the one selected for further deYClo^Kseat, 






► — >;• ^ C3^ • . d 

l3f •« 

?f ‘♦^1/ I JL 

»• #« V . !•% ^_l • ^ to 







tJiey 



“Tim foilow^ia^'^ w«ro U8€»d; 




r « rn^titts of cutoat 

b « irdlus dcnibiey 

to * tMelaioss of «he«t 

ti » iVAistmm of aheot ^nd d;K.t,bier 




: a f-:,vliad stress 

<3^a atrosa hoio dae to of rndiol atrsa® 

»tyos« i^t Lole duo to -^*35 Coe SPc^rspoiamt of radi?'! strose 
end «'-3 i'ln S©o'?rt;‘«®OEt of iiihenr str^s 
totp.1 strsos «3t feole in toras of S 
>z,a loieaoa*8 ratio 

* (Z -^) • * (1 4>c)® b * (-^..^*2 

*" » (1 ♦>*) I « (3 ♦ r { 3 

* U J a (5 . > 
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If th© R'otove fiisienaionless ml low, q imd k, p-ro 
gu.bgfelttit«d ia ths ^siforralsB for r « b* th« 

followiafs; fomilp« ftre the r«suli* 



<T©^= . 



-as 









- ^<sk ^©b 

A plot w^B ooi'strueted forC^p^a* Is: for various 
of q, t% la iXluftmtod ss Ti". (^). chf.rt ^roviioa b 

B0'jyen&9nt rae-iaa for obtolslae pjaxl««ic atmaa pt n hole for 
^ivon diaensloas of the sheet rjad doahler. 

ejaa fosnolne of App. A, vere considered furthor for 
etresaes In fcht ^eet outside of the d^hler. It found 
even -for rery aerrow doublers, if the stress rt the holo Is not 
rethic«d below E, the stress th© t-’lnlma section will never 
b^* grop'ter then th© stress nt the hole, ’Jlss stress ©t t!a© hoi© 
is tbori the {Kudlmts ©ad need bo the onls' oae to co*: *icr. , 
(• ), therefore, is thiO only plot tJ pt E^ed be n«'»© fron the 
stress forraalpe. 
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Ob* of thus in th* dseios of a 

doubX»y Is tbs jjtiefttisn of wsiel't «»riaf:. I’ls. (?) c«a t>© 
t*«ed to CM^lCRilpt© tbs of doablers tb-nt ..rcjTl\i» ths 

sane stress podocti®!, fhe Ijelov forrOTla ©mj be asisd for 
caXoiOatinr: fee vel^t of n. doabl«r* 

weif^t m (volxsm) 

w« ^{TT )(b® - a^Hti - to) 

If » A a»toCk® . 1)(1 - i) 

tJsisi- l*i^.(3) typioei cases can be evalarted. It vill be fosasd 
that the t'^i^tser doubler wit?-, the sillier rad3,ua 'srlXl be the 
In the y^gioR of s®b 1X h, h-cs«rrer, the d 'Hfer of 
ias^xji5U?^.te streao reditctlfisi be ; r<»Tale£.t, 
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^ 1 © te»t a:3©cija^$ csonslsi®d 9t four ••etalite pr®el# 
fAbriep.te^ Issr <SiRisc« fsyu^it DlTisioxi of Unito(! Ircrrft 

iJorporatios. fsces of fche |w?ynols mre ,C2S Irt* TSST-C /l- 
ol»5. The co^ vna a?ide of 7 • 9 mA ffp'i.in bplep , *11 

piKijela vare bca^od vlth ''iodiBt. As resel’?od em-h pmml iso^aared, 
i in, X 27 in, %dth a in, x iS la, 7557 ai-jKolaas inmrt 
at osdi ®2feg. On# panol contained no r«isi‘oi‘C€raBatsj tvo pi^eig 
had 9 la. dlaneter, oeBtimlly positioned, iateny^llj ^>ord#d, 
doublers of ,C52 In, nad ,064 In, 75.3X-S Alclad, remin- 
lE^ Swnei had a 9 la, difuwt®r, .OC-4 la, ?lu?aljtui:s estortjol 
rlvstnh! dotthlor oa each face, 'The riwt* used were 5fuok Jra. 2 ier 
heed Bli:^ Oivot, HF^W'^D. i/8 la. dlaaeter. 

7o prepare the i^inels for testing# ceatr*-! lioi® of 
Z la. di^jacter vas cut la each. For attaching to the 
las epperatus, holt holes of 5/16 la. vere drilled In each 
end, -Bftldvla S'Ud clsctrlc strain t-^3^ ces^ented to the 

panels gt Vfrlcms locntione. types of vers, -7, 

/«ll, A-8, end The visry ei^ll {^.^a lengths of "OGt of 

th.ose r^ma Jaad® the» rery adept^hle for plaeen®n.t near th’* eut- 
oat hoarders*. 

figs. (4), (5), (6), (7), rnd (8) are sketohoa usA o- 
of the test specifflen* clrlag pertinent diffie.'ioioaa cjsdl strain 



iT' ■;» loeatlms. 



1 '- 



JJ-te i'Plnoiple tectlng a *a»i^ 

lasting s»^JLr« with s!«ry Xo^i iadlcctop i^p->af'-«lixp«r«i ligr 

the '^f.IdwlR "osathwrp^ Idrisioa of ''•X^'wis Looossotlva o*^8, 

, Ta,. Utm str»4a i’l^isr^lng d«rlce ww« tlie 
"^iRt Stpftijmeter, ’'o-iol HCl, sswaafsot’ored hy trtl iar ... 
■'adorsoR, %Tingd»ln* Cota. A etajaferd ladvnnorsptap raf? It® 
i3- ■yolt diT sella eoapleted the »e- 'VJ'ing Rjypfrftua. 

Btpnin ox^ the t^« uaed on the psael, were aounte-’ ©n 

sisiaXI pieoe of r^etslite eoi were ueed for totiperct-ire sor: 5 .'««>- 
srtlng ^G6». 

la m nttei^.'t to ohtrXn e anifow dlatrihatlon of IIjo 
lofed ftcroee the top of the panels, ea ett*i4!ir-«ent rlf Itbrl- 
ort«d frs«s steel, lo«^d fror. the test srshino wa» trrfiei^ttod 
to two 3 la, i^iaaol herffia i^4ch in ttxrs t^eaBRltt6^? the lof - to 
two 6 iR. % I la, plfttoa throat foor H la, 3f 3/8 in. *?t©el lirrs, 
4xe pistes wesre holted to th© panels the aloMmsB !?>• 

sorts with SS Z/lC iTi, holts. Flf-C^) ^lows the co?a':l«te tost 
sstnp on*? rig, (10) glTeg ® Ifsrger wiev of i? peael ra' it* f-t- 
tadwient gerr, 

^ panel vjj^s moisntijd In the test. in-'' anc^in© os' Uio 
Simla /TP-ge loeds fron the test anS oot? 5 ;onartiag ao^ 

nocted to the etminjseter. ^ lcw4 wse mn up to iv, 

na-* down to scro to set all /* load of 100 ihe. ws» then 

put on the panel and all strain readings were »4;Usto<1 to s«ro. 
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aIi® 'vms ran feo ran ' frc® tl*e top 

tix j«s “«s v«r© t?^k«n* I* ^e«ir®4 to tho??o ryiB» roj-'J. 
©its^dly ia QT&ev to produco » ©t?vte of xmifoTra t^naloa ncross 
tho pl»-te. SiacNs wey. noro o;jaal, tli« lo?v? wa ran c^osm 
S£^B and tl4s8 were plaood under the bolt su^^-orte of tb© 
varisiie 2 ic. loading bare, stralrjisetor would be ro-aeroed 

€vt 100 lb». sad ft load of 6,100 Iba, would bo liaj?re^sed n.'^^.te, 
"Ills procee# would ‘bo repea^ted as anay 2^* tisara «rtil 
best iiossible loadisf ws^a obtained, “*he iteiifor® tensi^* condi- 
tion, itovev«^r, was sewer attained. 

-Ith the flafd siieasiaf, cojspleted, all were 

re-saroovi for 100 lbs. end the first load ffif 6,1 j 0 lbs. 

«et OB the aseoi-lao, At tl’is loading all ^pes wore ree-'^., -1^ 

loodlnfs were then Ints'easiad to 10, COO, 30,00f,, 

rP.,0CC, aa5 SO, COO lbs, sad a re«‘^iag of ell nnde for met 

load. ?he loading was reduced to ic^- Ibe, ??»■■! the sero 
reding cheoloed. It was found tlwit for the riweted parcel t!iO 
rero rendlnrs vwjro off n considerable nswmnt, *?hls wrs 4\a5 to 
the f5;Ct ti^t the doubler Wft!? not fnbrlcr.ted froa 75jT*G ‘Iclrd 
©8 were ell of the other doublers. r:ia m.n repeete:* aging 

ft aaaiasis* load of 25, COO lbs. for this lop-^iag tuic zero re- d- 
lags -were I2*e panel with m de^ibler m.9 ihuSted 

to a 3C,000 lb, lend in or’er to stns? below tlie yield noint. 



^ioa each of the four panels had been tested <moe, thss 



1J> « 



catoat# mr& «si&r£^ to a 4 is, di«.jaot;»r. If asy ^ -«a 

ver« deetroyod la tha pTOeaa^;, oms ■*?aro iastrli#';, ..rter 
tii« te«ts at 4 is, diaewtar, the holts laerwasad to '' is. 
rya*l the fiarl testa were mde, 

Siae« all vere on *ya axis of a/'r^try ic r tan- 

orientation, viti; the sstseitlon of a fev» on the ri,rotod 
douliler, tbe atmia r©&Uai^ were ecswerteil to stree>tes hy t!ie 
fomalnj 



"'hf* factor corrootlor, (2.'^)/('5. ims nscoes^jry heocitee 
the j^n^ormn "trsincsctsr |g cons trae tod ^Ith a haiXfe Is lT^ 'c 
factor ello%mnc® of r!,Of., strossets tinas oht'-ised froa thjo 

tests are recorded la fables I to HI, 

An additional coireotloc vas sesessary for so:ae of t'-iO 
0i^9 on tJte riveted doablor. Beesuee of Interforf.^j,'^ rivota, 
Bom bod to be off of axis of syseasti^* Ise 

of oorreatioa for this offset Is <s»italnod is *^eacJis . , 




«¥• 

Pi. 
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JMJXil's or ^ - JL«s 



As out in the previous eocUos» it mu iw 

poaeihle to Obtain e eonditlos of aaiforr tension la the p^mle, 
sll OS the front a^eet of the panel ver& not 

cated on the Ttfnf, It v»s nocessa?'* to eonsidor tbe /► '«« (n. 
the front panel osl^» As indicated by .-^^-wee 1 to 8, t’-e ^<mt 
r.«nel took 48.4 to ^ percent of t:ie tot«I iUII 

gives the values of load taken by the front face for a-^eh nir, 

?ho results of all exp«rlcM& 9 trl runs were plottsd 
illastr#,t«d as ^lc,(il) to (S2). llio surves re^jresa. t 4r»w 
£^atlel «troe«, (S’©* nt the minimm mcHm of t^ie pl.-te Tv . 
rsdluii from the centor of the hole* 

for the theorotloal rssults. It mss aesua^ t ■'t tlA> 
bal«e sore t»ok no part of the load, ^is r^nounts to m 0 vnxr 
of less than 1,5 perc^tj see Apj., B, fhe theorj', ns ^rivec 
in - ief.Cc), for plates of i«M5-lofinlte vl4th mn used for ootj- 
tTsrison with the panels fmrins no dovitlcrs, theoretlo"! 
stress dlstribationj as ist th^-t rofnrenoo, were plotted 

on Tics. Cli), (15)* AJOd (10), A3c?JslBJt'tl<m of theae plots sJvot 
essellest agreeiaant In the area of the outosit. The tJ'OorotiO'^l 
Btreas b«co»*» fcig^r than the stress for pocitl<we 

froBi the cutout, 'l^is could be d&ae to tlie iso'^i-^nifors* 
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of apfll«d atrosts In the paael* All teat curves .•r© 
cor.alstent in ahepe vltfe the theoretlce-l ©arrcs. 

For the paaels vith lioubl-rs, t]be t?.eor 7 of "ef.C'b) 
me &sed for oaKp^leo:^. She tljeoretlcnl stress curves ere 
ol,ovE oa the ri^lnisg Tt^s* (il5 (^). 

fh« test rc»i.4lte for the bonded dcuhlerc #o«r 9Z- 
cellent correl-ttion vith the theory of The ssset r*o» 

ticerhle def«>Tturt frmi the theory i« for the ,CaS2 ia, doixhler 
v;lth 5 ia. cutout ^ifeere the measured Brjdjooa stresses ere ^l-r^-er 
th4?3Q the predicted stressee; see Flf,.(2e5, Tiila Is isost pro*. 
hably doe to the csoadlliort of aoivinfiidlte width of the tent 
p«£aele, Ae «^own m Fig. (12), the stress for e 6 In. hole with 
lio reinforeljac 1« Instead of SSf for fn plete, 

other d«|^-t*tur« froa tl» theoreticssl esarwes ootsirs ct 
outer ho^mdory of t>*e doubler. was <»ti>ect6^, siuoe %be 

theory requires e disaonti'suSty la the streat esarr® ^idi could 
not potsibly exlnt, 

jssstlm.'a stresses at the eatout for the tKJsded 
doublers were taken from tli© re6j*ectlre plots end dlrl(led by tli® 
•iv.lled sires* for all lo<*<?inc®- vrwrueis th^is obtain^ mr© 
yrers^ed imd. resjorded In ’^s.hle Xtf, Vimm mm v».la»© mre 
plotted on which wna dereXoped la ^ prarious section. 

"he eiqperlmentrl points show essallent eorrelrtlon wit:' the 
theory dereloped for Fl^:,(2v) w$i*n it is recseahered that the thoo- 
reticnl curres are for a plnte of infinite width. 
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It sl-tmild fiiso "W ia«Btlon®4 tlmt th«? »tr®s»e3 
f-X %h& hsiea %«r« 4 r^is sdaost to tho 2i.oid point of tJise nr- 
t«rial, 'wt-loh It 60,OtX> |>sl. , no Ios« la tamatttltaloa of stroso 
tlas Tiodax boadl:*^ ms ap^:a.reat, 

?i» rosults olstj^lsod fr« riveted soctem^l fkn.>* 
"bier are aeyt oeasi stoat %ii%h tb» th©or|P. It first a, :^arod tr.rt 
the stress o&talsod mi the mXmii mm loss fcha«o tM theory |t©-> 
dioted* t!-is ms aatspected to lie false, as A-.t9 

iiietsiled on the inside plate fer tie ran irltfe the S in, hole, 
shosn m the stress is tie plate is oonsMerahly 

%fmn the mirmm tm t!e doabler end hi^^r tl:»aa the tl^eo- 
yetles-i stress. It io that the rlrets ^mro !ist effeo- 

tirely tSTansNlllia^ the loed to ih® doohler, fhls have heeaa 
to too few rl-rets, espeolslly is tl^ of Ui« i la, 

«it, or dne to the tyx-e riseta ased. Is that ^se tl^ rirete 
«©3fe ^'^ack Blind -‘d’lretfi. the issxlasss sesrored *t?e®oe-s at the 
on tout ‘boondosT for the riveted |«tsel sj?® alec reeordoii Is 
Ta-hi# ir/ for eocreiris^m uttih the theos^tiosl os-d handed do*:^ 
hler strosees. 



Ct.TJU(73lC3:S 



froa the esperiissntel rssalta oHal^sd in this test. 
It €sa» he eoncladeA thnt the chart, flg,(S), developed f®r 
douhler plates for ciircular caiouts ia as Infinitely wide plane 
sl'.eet Bay he useful in future design of doubler 

It enn be further ooacltided interael bonded 
dmiblera are superior to extsrra?! riveted doublare In reducing 
stress concentration eround e circulrr cat«mt in Metailfee, 



•mi 
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Co). XloiAai^, a.O.J.i Cto tlas £tr©8««« ia the '^©ii^itKMrheod 
of 9 Gisfcol&r Sole In a Strip Ifa^r feneloii, ?hil. 

7rtm*. of tbe SkKjiety of l.o*^oa, Tol. 229, 

r«o«stb€r 193C, 

(d) , x^eissner, , end Itordut^v, i<,i J^iaforeod Slrcalrr 

Cutoata is Sheets, ^3A i*,:',, l*o. IBS!, April 134^, 

(e) . Clasnoe Yoa||it Alraraft PiYlsioni ^5etinliie Fsi'^ls la 

•'^ad Ooc^reasion with Uelaforcod '‘ieot^galnr Outoatg, 
.©port J?o. 7445, tlidted Aircr?!ft Gorp, , 3nll«.s, fexas. 
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RIVETED DOUBLER 

HUCK BRAZIER HEAD 

blind rivets 
1/8 DIAMETER 



FIGURE 7a 
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Metalite Teat Panels 
Figure 8 




Teat Setup 
Figure 9 
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Test Panel With Attaching Apx>aBatu8 
Figure 10 




TAf^GENTIAL 



AT|-e > ^ 
[NOf“DbUBT:lE R h 



3 in.! output 



iqooo*^ Load 











1 




: j 







I 



s 



I 





\ 



« 
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TABLE I 

STRESSES FROM STRAIE OAOB READINGS 
METALITE PANEL - NO DOUBLER - Sin. CUTOUT 



&age 


Typ* 


Gage 

Fact 


Load, lbs. 


100 


6100 


10100 


15100 


20100 
















psl 


pal 


pal 


pal 


1 


A. 


.11 


2. 


08 




( 


) 


5990 


10050 


14850 


19550 


2 
















5270 


9620 


14650 


19600 


8 
















5020 


9620 


13000 


17250 


4 
















5720 


8620 


13300 


17800 


5 
















5990 


9510 


13850 


18250 


6 
















6090 


10150 


14950 


19650 


7 


A.19 


1. 


63 








13880 


23000 


34200 


45400 


8 


1 






\ 








14920 


25300 


37200 


49200 


9 


A-7 


1. 

1 


91 

1 








15380 


25700 


38900 


48900 


10 


1 


} 


1 


\ 








8230 


13800 


20650 


28200 


11 


A-8 


1, 


70 








9190 


16150 


23750 


32000 


12 


A-7 


1. 


91 








6300 


10650 


15900 


22050 


13 


A-8 


1. 


70 








6700 


11950 


17900 


23900 


14 


A-7 


1. 


91 








5090 


8670 


13000 


17550 


15 


A-8 


1. 


70 








5590 


10000 


14800 


19850 


16 


A. 


.7 


1. 


91 








4640 


7840 


11700 


15900 


17 
















4200 


7130 


10700 


14500 


18 
















-5090 


-8950 


-13300 


-17550 


19 
















.1328 


-2430 


-3535 


-4760 


20 


JU8 


1. 


70 

1 








-1105 


-1990 


-2930 


-4350 


21 


I 


1 


1 


\ 








-884 


-1490 


-2210 


-3290 
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TABLE II 

STH3SSES PROM STRAIN GAGE READINGS 
METALITE PA1®L -.032 in. DOUBLER - 3 in. CUTOUT 







Gage . 


L6ad. Iba. 


Gage 


Type 


Pact. 


100 


6100 


10100 


15100 


20100 


25100 


30100 


1 


A- 


11 


2.( 


D8 




D 


pel 

6290 


psl 

10100 


psl 

14500 


psl 

18550 


pal 

22500 


psl 

26000 


2 














5240 


9040 


13900 


18550 


23500 


28100 


3 














6440 


9950 


14550 


18790 


23300 


27900 


4 














5880 


9950 


15210 


20400 


25900 


31000 


5 














5450 


8120 


12490 


17150 


21600 


26400 


6 














5940 


8920 


14100 


19600 


25100 


30750 


7 


A-19 


1. 


5S 






9050 


14380 


21200 


28500 


35900 


43200 


8 


1 




1 








9500 


16250 


24100 


31800 


40700 


48600 


9 * 


A- 


7 


1.^ 


n 






9600 


15700 


23200 


31300 


39800 


48500 


10 














5470 


8730 


12950 


17580 


22100 


26750 


11 














5640 


9600 


14450 


19320 


24300 


29300 


12 














4200 


6740 


9940 


13500 


17110 


20450 


13 














4420 


7730 


11700 


15500 


19600 


23200 


14 














3240 


5200 


7620 


10200 


12920 


15530 


15 














3650 


5750 


8400 


11400 


14350 


17130 


16 














3870 


6420 


9500 


12800 


12800 


19000 


17 














4860 


7620 


11300 


15480 


19300 


23350 


18 














5260 


8510 


12760 


17150 


21400 


25850 


19 














-3760 


-6070 


-8900 


-11800 


-14350 


-17700 


20 














-1048 


-1765 


-2540 


-3310 


-4080 


-4860 


21 














-940 


-1655 


-2430 


-3310 


-4140 


-5080 


22 














-552 


-906 


-1545 


-1880 


-2320 


-2870 
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TABLE 111 

STRESSES FROM STRAIN OAGE READINGS 
HETALITE PANEL - .064 In. DOtlBLER - 3 in. CUTOUT 



Gage 


Type 


Gage 

Fact. 


Load.] 


Lta. 


100 


6100 


10100 


15100 


20100 


25100 


30100 














pal 


pal 


pal 


pal 


pal 


pal 


1 


A. 


.11 


2. 


08 






6450 


9940 


14600 


19300 


24200 


28650 


3 














6240 


10050 


15150 


20190 


25350 


30400 


4 














5120 


8710 


13550 


18250 


23250 


28300 


5 














5270 


9230 


14400 


19280 


24450 


29450 


6 














5020 


8160 


13000 


17450 


22500 


27200 


7 


A-19 


1. 


63 






6020 


10180 


15500 


20950 


26550 


32100 


8 














7180 


11720 


17620 


22950 


28750 


34400 


9 


A-7 


1. 


91 






6180 


10450 


16100 


21550 


27450 


33300 


10 














3420 


5850 


9060 


12100 


15450 


18680 


11 














4320 


6940 


10100 


13400 


16650 


19900 


12 














2650 


4475 


6960 


9440 


12050 


14500 


13 














3430 


5640 


8280 


10910 


13700 


16180 


14 














1768 


3200 


4860 


6460 


8060 


9600 


15 














2210 


3755 


5690 


7780 


9600 


11500 


16 














2780 


4580 


6630 


6840 


10850 


12900 


17 














3860 


6520 


10000 


13480 


16950 


20500 


19 














4640 


7900 


12050 


16450 


20700 


25350 


20 














.2210 


-3750 


-5910 


-8060 


-10280 


-12350 


21 














.663 


-992 


-1490 


-1985 


-2485 


-3040 


22 














-442 


-607 


-994 


-1150 


-1435 


-6070 
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TABLE 17 

STRESSES FROM STRAIN GAGE READINGS 
METALITB PANEL - .064 in. RIVETED DCXJBLER _ 3 in. CUTOIT 



Gage 


Type 


Gage 

Fact. 


Load. ILs. 


100 


6100 


10100 


15100 


20100 


25100 














psi 


psi 


psi 


psi 


psi 


1 


A^ 


11 


2. 


38 




0 


4160 


6800 


10050 


13600 


17000 


2 














4470 


7610 


11900 


16450 


20700 


3 














5520 


8520 


12340 


16450 


22000 


4 














4820 


7820 


12900 


17250 


22450 


5 














5130 


8260 


12090 


16200 


19900 


6 














4260 


7560 


12400 


17200 


22200 


7 


iU19 


1. 


63 






4140 


6600 


9700 


13850 


18400 


8 


1 












3495 


5570 


9040 


13270 


18200 


9 


A- 


7 


1. 


91 






4750 


7240 


10390 


14350 


18690 


10 














1600 


2710 


4150 


6080 


8020 


11 














1270 


2210 


3650 


5520 


7680 


12 














1050 


1660 


2710 


4090 


5530 


13 














884 


1440 


2375 


3780 


5310 


14 














-498 


-775 


-1085 


-1105 


-1105 


15 














5820 


9520 


13950 


18150 


21950 


16 














4970 


8560 


12850 


16850 


20750 


17 














6090 


9800 


14400 


18800 


23150 


18 














6090 


9400 


13950 


18350 


22450 


19 














-2710 


-4360 


-6580 


-8950 


-11480 


20 














-445 


-608 


-940 


-1380 


-1660 


21 














-165 


0 


221 


331 


387 


22 














■ 0 


0 


442 


718 


829 


23 


A-B 


1.79 






648 


943 


1415 


2065 


2770 



TABLE T 



STRESSES FROM STHAIN GAGE HEADINGS 
HETALITE PANEL - NO DOUBLER - 4 in. CUTOUT 



Ga^« 


Type 


Oage 

Fact. 






Load. 


ILa. 




0 


6100 


10100 


15100 


20100 














pal 


psi 


psi 


psi 


1 


A- 


11 


2. 


38 






5420 


9080 


13850 


18560 


2 














6350 


10100 


14610 


19230 


3 














4320 


7610 


12970 


16380 


4 














5270 


8520 


12630 


16720 


5 














5020 


8830 


13440 


18160 


6 














5480 


9130 


13540 


18050 


10 


A-7 


1. 


91 






14150 


24250 


37200 


49600 


11 


A-8 


1. 


79 






16250 


26100 


38300 


51300 


12 


A-^ 


7 


1. 


91 






8790 


15260 


23200 


31620 


13 


A-8 


1. 


79 






10250 


16640 


23700 


32700 


14 


A-7 


1. 


91 






5530 


9780 


14930 


20250 


15 


A-8 


1. 


79 






6950 


11080 


16300 


21500 


16 


A-7 


1. 


91 

1 






4760 


8350 


13000 


17700 


17 


1 




i 


1 






4320 


7575 


10830 


15490 


20 


A-8 


1. 

I 


79 

1 






-4480 


-7615 


-11320 


-15100 


21 


1 




i 


[ 






-1711 


-2950 


-4370 


-5725 
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TABLE 71 

STRESSES PROM STRAIN OAQE HEADINGS 
METALITE PANEL - .032 In. DOCJBIER - 4 in. CUTODT 



Gae© 


Tyne 


Gage 

Fact. 


_Load* J 


.ia. 


100 


6100 


10100 


15100 


20100 


25100 


30100 










psi 


pal 


pel 


pal 


psi 


psi 


1 


A- 


11 


2. 


D8 






5500 


9350 


13860 


18350 


22850 


27500 


2 














5840 


9850 


14520 


19200 


23950 


28850 


3 














5130 


8700 


13200 


17720 


22250 


27100 


4 














5640 


9550 


14320 


19250 


23750 


28835 


5 














5790 


9300 


13860 


18500 


23350 


28050 


6 














5930 


9700 


14720 


19700 


24500 


28150 


10 




.7 


1.91 






9550 


16300 


25000 


34000 


42900 


52700 


11 














11400 


18600 


27600 


37200 


46300 


56200 


12 














5750 


9550 


14910 


20450 


14870 


31500 


13 














7300 


11820 


17310 


23200 


27850 


35150 


14 














2985 


5250 


7960 


10920 


13850 


16800 


15 














3315 


5640 


8620 


11750 


14920 


18000 


16 














4420 


6950 


10100 


13420 


16520 


19650 


17 














4420 


7520 


11500 


15750 


19800 


23900 


18 














4750 


8120 


12500 


17010 


21400 


25800 


20 














-3210 


-5530 


-8180 


-10720 


-13600 


-16400 


21 














-3210 


-5360 


-8280 


-11100 


-13800 


-16750 


22 














-1380 


-2320 


-3430 


-4420 


-5530 


-6580 
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TABLE VII 

STHESSES FROM STRAIN OACffl READINGS 
METALITE PANEL - .064 in. DOUBLER - 4 in. CUTOUT 







Gage 








Load. 


ILs. 






Ga#te 


Type 


Fact. 


100 


6100 


10100 


15100 


20100 


25100 


30100 


1 


A- 


11 


2. 


08 






pal 

5580 


pal 

9590 


psi 

14710 


pal 

19640 


pal 

24850 


pal 

29500 


3 














5220 


8830 


13700 


18500 


23550 


28400 


4 














4670 


7920 


12400 


17150 


22100 


26800 


5 














6590 


10650 


15820 


20300 


25850 


30850 


6 














5220 


8620 


13200 


17730 


21800 


26100 


10 


A-7 


1.91 






6740 


11450 


17600 


23900 


30200 


36650 


11 














7960 


13160 


19250 


24900 


27500 


39150 


12 














4200 


7080 


10750 


14700 


18680 


22750 


13 














5200 


8300 


12380 


16480 


20450 


24800 


14 














1770 


2990 


4700 


6190 


7740 


9400 


15 














2100 


3540 


5310 


7190 


9060 


10920 


16 














2765 


4530 


6410 


8520 


10380 


12430 


17 














3930 


6520 


10000 


13600 


16750 


19900 


18 














4640 


7630 


11600 


15500 


19350 


23200 


20 














-2710 


-4580 


-7190 


-9840 


-12600 


-15480 


21 














-2700 


-4530 


-6740 


-8950 


-11380 


-13820 


22 














-995 


-1715 


-2355 


-3320 


-4150 


-5090 
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tabu: VIII 

STBESSES FROM STRAIN OAGS READINGS 
^^ETALITS PANEL - .064 in. RIVETED DODBLER - 4 in. CUTOUT 



Ga,ep 


Type 


Gage 

Fact. 




Load. IV 


a. 


100 


6100 


10100 


15100 


20100 


25100 












psl 


psi 


psi 


psi 


psi 


1 


A-: 


1 


2. 


38 




D 


4460 


7100 


10750 


14450 


18000 


2 














4730 


8120 


12700 


17250 


21800 


3 














6190 


9660 


14000 


18450 


22500 


4 














5630 


9340 


14320 


18950 


23850 


5 














5020 


8020 


12190 


16150 


20300 


6 














4480 


8020 


12750 


17150 


21700 


10 


A-’! 


f 


1.! 


n 






3870 


6420 


10320 


14600 


19000 


11 














3870 


5860 


9000 


12650 


17800 


12 














2655 


4090 


6520 


9280 


16050 


13 














2655 


4150 


6640 


6640 


13380 


14 














-884 


-1382 


-1980 


-2320 


-2765 


15 














5970 


9890 


14380 


18620 


22850 


16 














4860 


8560 


12820 


17010 


21100 


17 














6080 


9840 


14640 


18950 


23600 


18 














5750 


9280 


13700 


17900 


22200 


20 














-2210 


-3540 


-5470 


-7410 


-9620 


-22 














-775 


-775 


-885 


-1490 


-2360 


23 


A-8 


1.' 


79 






825 


1300 


20O5 


2950 


4720 
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TABLE IX 

STHESSES FHOM STEAIN GACS! HEADINGS 
I-ffiTALITE PANEL - NO DOUBLER - 5 in. CUTOUT 





Type 


Gage 

Fact.^ 






Load. 






100 


6100 


10100 


15100 


18100 














psi 


psi 


psi 


psi 


1 


A- 


11 


2, 


08 




0 


5420 


9120 


13800 


16540 


2 














5830 


9520 


14300 


17100 


3 














5120 


8660 


13195 


15780 


4 














5320 


8970 


13395 


15950 


5 














5830 


9730 


14700 


17430 


6 














5840 


9730 


14600 


17430 


12 


A-7 


1.91 






15350 


26300 


39800 


48200 


13 


A-8 


1.79 






16750 


27500 


41500 


49500 


14 


A-7 


1.91 






7170 


12360 


18760 


22800 


15 


A-8 


1.79 






8300 


13740 


20100 


24150 


16 


A-7 


1.91 






5575 


9660 


14850 


18000 


17 


A-7 


1.91 






4690 


8540 


13030 


15800 


21 


A-8 


1.79 






-5300 


-8720 


-12950 


-15730 







f] 






47 



TABLE X 

STRESSES PROM STRAIR GA&E READINGS 
METALITE PANEL - .032 in. DOUBLER - 5 in. CUTOUT 



Ga/:e 


Type 


Gage 

Pact. 


Li 




100 


6100 


10100 


15100 


20100 


o 

o 














psi 


psl 


psi 


psi 


psi 


1 


A- 


11 


2. 


08 






6200 


10000 


14630 


19100 


23750 


2 














6050 


10050 


14950 


19650 


24650 


3 














5030 


8130 


12300 


16450 


20750 


4 














4780 


8240 


12600 


16870 


21350 


5 














4780 


8390 


13000 


17620 


22500 


6 














4880 


8640 


13500 


18400 


23200 


12 


A- 


7 


1.' 


91 






10150 


17480 


26550 


35800 


45300 


13 














12500 


20550 


30400 


40500 


50600 


14 














3870 


6360 


9720 


13150 


16650 


15 














3760 


6300 


9770 


13150 


16500 


16 














4750 


7740 


11150 


14910 


18300 


17 














4640 


8010 


12050 


16400 


20550 


18 














4640 


8180 


12380 


16800 


21050 


22 














5250 


8860 


13300 


17950 


22500 


23 


A.8 


1. 


81 






-4420 


-7010 


-10480 


-14140 


-17690 
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TABUS XI 

STEESSES JHOM STEAIU &AOE READINGS 
METALITE PANEL - .064 In. DOUBLER - 5 In. CUTOUT 



Gage 


Typ^e 


Gage 

Pact. 








Load. 


IBs. 






100 


6100 


10100 


15100 


20100 


25100 


30100 














psl 


psi 


psl 


psl 


psl 


psi 


1 


A- 


11 


2. 


08 




0 


5230 


9200 


14320 


19100 


24150 


28750 


3 














4920 


8530 


13500 


17930 


22600 


27100 


4 














5380 


8950 


13500 


18050 


23500 


27300 


5 














6100 


10050 


14940 


19550 


24500 


28900 


6 














5690 


9200 


13560 


17880 


22200 


26700 


12 


A-7 


1.91 






8000 


13600 


20550 


28100 


35300 


43000 


13 














9380 


15475 


11600 


30200 


37900 


45700 


14 














1935 


3370 


5250 


7010 


8830 


10750 


15 














2100 


3650 


5640 


7510 


9440 


11450 


16 














2875 


4590 


6740 


8610 


10820 


12850 


17 














3645 


6300 


9550 


12930 


16350 


19700 


18 














4080 


7130 


10870 


14650 


18400 


22200 


22 














-3650 


-6075 


-9060 


-11950 


-15200 


-18400 


23 


A-8 


1.81 






3500 


6060 


9210 


12360 


15730 


18900 
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TABLE XII 

STRESSES FROM STRAIN GAGE READINGS 
MBTALITB PANEL - .064 In. RIVETED DOUBLER - 5 In. CUTOUT 



Gage 


_T.VD4i_ 


Gage 
Fact. 






Load 


. lbs. 




ioo 


6100 


10100 


15100 


20100. 














psi 


psl 


psi 


psi 


1 


A^; 


1 


2.08 




c 




4270 


7110 


10580 


14520 


2 














4675 


8030 


12200 


16550 


3 














5180 


8220 


12300 


16350 


4 














4970 


8120 


12300 


16550 


5 














4570 


7760 


11700 


15950 


6 














4370 


7820 


12100 


16450 


12p 


A-19 


1. 


63 






11420 


18900 


26850 


34400 


12 


A-7 


1. 


91 






5300 


8770 


13950 


20200 


13 














5135 


7840 


12480 


18050 


14 














-992 


-1990 


-2595 


-2980 


15 














6960 


11050 


16150 


20600 


16 














5575 


9830 


14400 


18950 


17 














6570 


11050 


15630 


20150 


18 














6290 


10000 


14240 


18550 


22 


A-8 


1. 


.81 






-2450 


-4370 


-7110 


-10310 


23 




1 




1 






1400 


2450 


3970 


6240 
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TABIJJ XIII 

PEfiOEin OF APPLIED LOAD 
TAKEN BY FRONT FACE OF TEST PANELS 



Panel 


Percent of load taken bv front face 


3 in. hole 


4 in. hole 


5 in. hole 


No DouLler 


49.90 


47.80 


49.20 


,032 Doubler 


49.02 


48.60 


49.60 


.064 Doubler 


52.60 


53.00 


50.50 


Rivet Doubler 


49.10 


48.40 


49.10 



TABLE XIV 

MAXIMUM STRESS AT CUTOUT 



Panel 


3 in 


. Hole 


4 lE 


. Hole 


5 i 


n. Hole 


Test 


Theor. 


Test 


Theor. 


Test 


Theor. 


No Doubler 


3.170 


3.200 


3.215 


3.105 


3.31 


3.237 


.032 Doubler 


1.975 


1.950 


2.11 


2.06 


2.33 


2.15 


.064 Doubler 


1.433 


1.480 


1.575 


1.600 


1.75 


1.730 


Rivet Doubler 


.90 


1.480 


1.02 


1.600 


1.19 


1.730 


Rivet Do. (face) 










2.14 


1.730 
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JtPPElroiX A 

STBESS POHMCJLAS AS DERIVED IN HE7. (I)) . 

The folloving aymhols were used in Ref.Ch)! 

S > applied stress. 

9 > angle measured from the direction of the load, 
a > radius of cutout, 
h - external radius of reinforcing ring, 
ti - thickness of ring and sheet, 
to - thickness of sheet. 

/C - Poisson's ratio. 

E - modulus of elasticity. 

- tangential stress Inside of the ring, 
tangential stress outside of the ring, 
radial stress inside of the ring. 

<Tyo- radial stress outside of the ring. 

The solution, as developed in Ref.(h), for a circular 
hole with a reinforcement ring considers the stresses in 
the area of the cutout as heing created hy two forces existing 
at a radius far away from the cutout; the radial force ^S, 
and the comhinatlon of the radial force, |,S Cos 29, and the 
shearing force, -^S Sin 29. 
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Stresses due to the radial component (^S) : 

cr^o =e[Q''M‘i v>-li 

WK«r«. 

b!i^s.r ^ ! 1 



= - atk 



:4^f- 

L( 






C-va)J 






aeO->-) L^K^-f-u-X^-^o 0f^)“ J 

Stresses due to radial component (|S Cos 26) and 
shearing component (-^S Sin 26); 

^ri ^ -(2 ^ Q^s ^e> 

O'fXi = ~ C ^ A*> -f *+ -^— I?o CoS ^ ^ 

= (;2/?-c -h fz ^e> 

\ r? >' 

^©O = ( 2. <4o -i- iZ 8a -4- A- do^ Ct>5 ZB 

THe Cov\:>|eM4-S a »«. OVt Vi4« {a/loUiiY\<^ po^«5. 
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0 ■'^6 0***)J ~* 1^4 /e (w-tc)- iti^(/-tu^ 



Nutt\. Ql = - s 



Nukw. ^ i, a - -2- 



Kum. I^-c = - 2 \- 



NM.W\. Ao - — I^Pc HOWtiAJd^toy^ 



NUtvv. 



1^0 - O 



NUW^. C*o = 



~ ji A' ^ C /-^O ■* 

fe (2-tcc-t4c''3- XL J 

^ ^0(7-^^ ~3X/(fi^/-3^X''*<i) j 

~ ^o (/f^j^_ tic; (t-tu.) ~ -6c^(tf<*.) ^ J 
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-6c‘^(f'f^)''6c ( 3¥^)J 

- — - — r 2 £ ^o C' ^ T 
a^b^L J 

-^ 14 !^^^“ C'W" 2 Ji:"(H^r-t^" 0 t/c)" j 



fc® L 



■4- -2® 



Dcnomin AToR= 9 £^o(s5“-^-u*.»-) -f &X'^-^XiM.) 

+ - ±'2'(2-^Xm<^') ^ £"Cs 

- j£il_j2££ C*-^*’) 0^'^) j 

■h j^2 £ -'^X^-*'(*.) -* } J 



APPENDIX B 



CALCULATIONS 

571111 ) 018 : 

A - area, in? 

£ - modulus of elasticity^ psl. 

ex' - stress, pai, 

^ - strain, in/in. 

Ld - load, ILs. 

G.7. - gage factor. 

S - applied stress, psi. 

Q - angle measured from the direction of loading 

a - radius of cutout, in, 

h - radius of douhler, in. 

tc - thlclcness of core, in. 

to - thickness of sheet, in. 

ti - thickness of sheet and douhler, in. 

k - ratio of radii, h/a. 

qt - ratio of thicknesses, to/tl. 

- tangential stress at hole due to (^-S) component of 
radial stress, psi. ■ 

Oe^ - tangential stress at hole due to (|5Cos 2fl) component 
of radial stress and (-|^S Sin 29) component of shear 
stress, psi. 

" ^o^al tangential stress at hole in terms 
of applied stress, S. 
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APPENDIX B 
CALCULATIONS 

Symbols; 

A - area, in? 

E - modulus of elasticity, pel. 
o' - stress, psi. 

^ - strain, in/ln. 

Ld - load, lbs. 

G.F. - gage factor, 

S - applied stress, psi. 

Q - angle measured from the direction of loading 

a - radius of cutout, in. 

b - radius of doubler, in. 

tc - thickness of core, in. 

to - thickness of sheet, in. 

ti - thickness of sheet and doubler, in. 

k - ratio of radii, b/a. 

q - ratio of thicknesses, to/tl. 

- tangential stress at hole due to (^-S) component of 
radial stress, psi. 

0©t> - tangential stress at hole due to (|5Cos 20) component 
of radial stress and (-^-S Sin 26) component of shear 
stress, psi. 

O© * ~ total tangential stress at hole in tenns 

of applied stress, S. 
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E' - (3 -^) 

F - (1 +^) 

G - (1 -xf) 

H - (1 

I -(3^2^-V) 
J - (5 - 2^ Vi:®) 

L -U-^") 

M - (3 +>4J^) 



PERCEKT or LOAD TAKEN BY METALITE PAC3ES: 
^*^total ” ^^fac68 ^^core 

Ld^ = AfOf + A^o"^ 

Ld^ r + AcEq^q 

Ld^ 

WT^WT 



Metallte - 18 


in. wide 


to s 


.032 in 




tc = 


.50 in. 




Ef = 


10.3 X : 


10^ psi. 


Ec = 


.0166 X 


106 psi. 



Ldf 



Ld 



t 



(2)(18)(.032)(10.3) 

(2)(18)(.032)(10.3) + (1)(18)(.5)(.0166) 



Ldf. 




.987 



Faces take 98.7 percent of the impressed load. 



THEORETICAL APPLIED STRESS: 



zero loading = 100 Ihs. 

first loading = 6100 Ihs. • A^ r 1.152 in? 

ALd = 6000 Ihs." 

stress = Aid - 6000 = 5220 psi. 

Af T7T52 
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STEESS OBTAIKED FROM STRAIN ^^ETER READINGS: 



Load Meter 

100 11)8. 0 
6100 ILb. 1070 

^read * 1670 



read) ( 2. 05 ) (10"^) 

(CTT) 

^ = (1070) ( 2. 05 ) (10"^) = 1346 x 10“® in. /in. 

(T763) 

cr= ^E = (1346)(10.3) = 13880 psi. 



Metallte - No DouLler 
3 in. cutout 
Gage Ho. 7; SR-4, A-19 
Gage Factor =1.63 
E - 10.3 X 1Q6 psi. 



CORRECTION FOR STRAIN GACEBS NOT ON THE AXIS OF STMl^ETRY: 




Riveted Doubler 
3 In. cutout 



^ - Sin"^ .6 - 16“15» 

2.15 



e S 90 -(p = 73°45' 



. S /l + a^\ - S /l + 3a*^ 

® 2l 7^1 






(‘ 



(l + 3(1.5)\\ 



Cos 2(73®45‘) 



- S(.7435) - S(. 855) (-.844) = 1.4655S 
Cji - S(. 7435) - S(. 855) (-1.0) = 1.5985S 



(1.5985 

T0655 






1.09 cr© 
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PERCENT OF LOAD TAIOIN BY THE FRONT FACEj 



Meter Readings 



Gage 


Front 


Rear 


1 


990 




2 




950 


3 


840 




4 




800 


5 


940 




6 




1000 



sum 2770 2800 



Hetalite - no doubler 
3 in. cutout 
Gages •• SR«^|Anll 
Gage Factor . 2.08 
Load r 10100 lbs. 

E = 10.3 X 106 psi. 



Avg, O' front 


= (2770) (2.05) (10.3) 
3 (2!^ 


r 9100 psi. 


Avg. cr rear 


= (2800)(2.05)(10.3) 
(2758) 


= 9200 psi. 


Avg, Ld^ 


= 


Of Z 9lOOAf 




Avg. Ldr 


= 


= 9200Aj. 


II 


Ldt 




Ldf + Ldj. = 18300A 




Ldf 

I^t 

The front 




9100A = .4975 




18300A 

face takes 49.75 percent 


of the load, 



THEORETICAL MAXIMUM STRESS AT CUTOUT: 









- 


.3 




k = 1 s 4.5 - 3 ■ 




a 


. 


1.5 in. 




a T75 




b 




4.5 in. 






to 


a 


.032 in, 




k= = 9 




ti 


a 


.064 in, 




= 81 












k® = 729 


q = 


to 


- 


.032 = 


1 




ti 




T064 


2 


k® = 6561 




2 ; 




i_ = 4 






4 
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E* = (3 -^) « 2.7; y - (1+^) « 1.3; 0 ■ (1 = .91 

H = (1+^)® = 1.69; I = (3 + 2^ = 3.51 

J = (5 - » 4.49; L » (^ a .21 

M a (3+^^) a 3.09 






0e,= 



(i -s)j . 

-■) -(? •■)!■ 

4 /2L - I + M\ /6 - 4 \/2a - I + E\ + 1 / I - 21 + n 

^1“ P J-VP k®Vq^ — ) 



f+ 2J + I + I\ 

V ~ F i 



■*■ 0 ©^ 

Sul)8titution of the above congtants in the fornnilas yield: 
C6^= .634 S 

ao^^s 1.341 S 

<Sg = .6343 + 1.341S = 1.975S 



Thesis 

L63 Lieber 
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Stress conc'entra- • 
tions around rein- 
forced circular cut- 
outs in metal i te 
panels in tension. 



Stress concentrations around re- 
inforced circular cutouts in metalite 
panels in tension. 



•31 



ons 



Theiis 

L63 Lieber 



17331 



